POSITION DETERMINING DEVICE 

BACKGROUND OF THR TNVFNTTON 



Field of the Invention 

The present invention relates generally to a position determining device, 
and more particularly to a position determining device that is used suitably for a 
position determining device for determining the operated amount of a control 
member in a control unit that controls the focus, zoom, etc. of a TV camera lens 
electrically, and a position determining device for determining the position of a 
lens in the TV camera lens. 

Descriptio n of Related Art 

(^neraUy, a coirt^^ the zoo jnajidjocu s of a TV camer a 

lensj^gg^ encod^to deter mine the operated amount 

oLa-Controljnember_such_as a cont rol ring and a control kno b. For instance, a 
control knob that rotates once to three times is widely used in a focus control unit 
for the TV camera lens. In such a control unit, the control knob has rotational 
limits, and therefore, an absolute position determiner such as a potentiometer and 
an absolute rotary encoder is preferably used for a determiner that determines the 
operated amount of the control knob. 

The absolute rotary encoder, however, is not advantageous in view of the 
price, size, distinguishability and consumption of electricity, and is not a 
desirable means at present. 

On the other hand, the incremental rotary encoder works more reliably 
and has higher linearity between output signals and the operated amount than the 
potentiometer. If the incremental rotary encoder is used, however, a 



cameraman must move the control part to a reference position (e.g., one of the 
rotational limits) (t^inkializg^fo e control u nit uponjurriing^on^the control unit. 
^is_is_no^esirable in view of the convenience. Moreover, even in the case 
that the present position of the control part is recorded in a memory, etc. before 
the control unit is turned off, the position recorded in the memory does not 
correspond to the actual position if the control part is operated and moved while 
the control unit is off. 

SUMMARY OF THE INVENTION 

The present invention has been developed in view of the above-described 
circumstances, and has as its object the provision of a position determining 
device that has both a relative position determiner such as an incremental rotary 
encoder and an absolute position determiner such as a potentiometer, and that 
eliminates the necessity of initialization when the device is turned on and 
realizes a satisfactory linearity between the determined amount (the operated 
amount) and output signals, thus achieving the reliability and low cost. 

To achieve the above-mentioned object, the present invention is directed 
to a position determining device for determining a position of a subject movable 
within a predetermined movement range, the position determining device 
comprising: a relative position determiner for determining a relative moving 
amount of the subject with respect to a reference point; and an absolute position 
determiner for determining an absolute position of the subject within the 
movement range; wherein the position determining device determines the 
position of the subject in accordance with data outputted from both of the 
relative position determiner and the absolute position determiner. 

According to the present invention, when the position determining device 
is turned on, the absolute position determiner determines the present position of 





the subject, and thus, it is possible to recognize the reference position required 
for the relative position determiner in accordance with the data outputted from 
the absolute position determiner. This eliminates the necessity of initialization 
for setting the reference position, which is required by the conventional position 
5 determining device that consists of only the relative position determiner. 
Moreover, the position determining device of the present invention improves the 
reliability and achieves the low cost since it comprises the relative position 
determiner, which is reliable and has the satisfactory linearity between the 
determined amount and the output signals, and the absolute position determiner, 
P 10 which is relatively inexpensive. 

JJ To achieve the above-mentioned object, the present invention is directed 

to a position determining device for determining a position of a subject movable 
within a predetermined movement range, the position determining device 
yi comprising: a relative position determiner for determining a relative moving 

3 15 amount of the subject with respect to a reference point; and an absolute position 
V determiner for determining an absolute position of the subject within the 

movement range; wherein: since the position determining device is turned on 
until the absolute position determiner detects the subject being at a limit of the 
movement range, the position determining device determines the position of the 
20 subject in accordance with data outputted from the absolute position determiner; 
and after the absolute position determiner detects the subject being at the limit of 
the movement range, the reference point for determination of the relative 
position determiner is established at the limit of the movement range of the 
subject, and the position determining device determines the position of the 
25 subject in accordance with data outputted from the relative position determiner. 

According to the present invention, the position determining device uses 
both the relative position determiner and the absolute position determiner. 
When the position determining device is turned on, the position determining 
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device determines the absolute position of the subject in accordance with the data 
outputted from the absolute position determiner. The position determining 
device determines the position of the subject in accordance with the data (the 
absolute position data) outputted from the absolute position determiner until the 
relative position determiner reaches one of the limits of the movement range, 
which is equivalent to the reference point for the determination of the relative 
position determiner. When the absolute position determiner detects the subject 
being at the limit of the movement range, the position determining device 
establishes the reference point for the determination of the relative position 
determiner at the limit of the movement range of the subject. Thereafter, the 
position determining device accurately determines the position of the subject in 
accordance with data outputted from the relative position determiner. 

To achieve the above-mentioned object, the present invention is directed 
to a position determining device for determining a position of a subject movable 
within a predetermined movement range, the position determining device 
comprising: a relative position determiner for determining a relative moving 
amount of the subject with respect to a reference point; an absolute position 
determiner for determining an absolute position of the subject within the 
movement range; and a storage device for previously storing standard output 
data of the absolute position determiner corresponding to a plurality of positions 
of the subject within the movable range, and previously storing standard output 
data of the relative position determiner corresponding to the standard output data 
of the absolute position determiner, the reference point for the standard output 
data of the relative position determiner being established at a limit of the 
movement range of the subject; wherein, upon being turned on, the position 
determining device obtains data outputted from the absolute position determiner, 
then reads, from the storage device, the standard output data of the relative 
position determiner corresponding to the obtained data outputted from the 



absolute position determiner, thereafter determines the position of the subject in 
accordance with data outputted from the relative position determiner with 
reference to the read standard output data of the relative position determiner. 

According to the present invention, when the position determining device 
is turned on, the position determining device determines the position of the 
subject in accordance with the data outputted from the absolute position 
determiner, and the relative position determiner is initialized correspondingly to 
the present position of the subject in accordance with the data, which is stored in 
the storage device and represents the relationship between the absolute position 
determiner and the relative position determiner. Consequently, the position 
determining device can accurately determine the position of the subject in 
accordance with the data outputted from the relative position determiner as soon 
as being turned on. 

If the inexpensive absolute position determiner is used, there may be a 
problem relating to serious noise resulting from the deterioration of the absolute 
position determiner. In this case, the data outputted from the absolute position 
determiner is uneven when the position determining device is turned on, and it is 
therefore impossible to read the standard data recorded in the storage device with 
reference to the actual data outputted from the absolute position determiner. 
Hence, upon being turned on, the position determining device preferably obtains 
a plurality of pieces of the data outputted from the absolute position determiner 
and data outputted from the relative position determiner to judge reliability of the 
obtained data outputted from the absolute position determiner. Thus, whether 
the unevenness of the data outputted from the absolute position determiner 
results from the noise or the movement of the subject is judged. If the 
unevenness is judged as resulting from the noise, the data from the absolute 
position determiner is added and averaged, the stable data is sampled, or the like 
so that the position of the subject can be determined more accurately. 



In the position determining device, the relative position determiner may 
comprise an incremental rotary encoder and a counter for counting encode pulses 
outputted from the rotary encoder; and the absolute position determiner may 
comprise a potentiometer. 

In the position determining device, the subject may be a control member 
of a lens control unit for controlling at least one of focus and zoom of a TV lens 
electrically. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The nature of this invention, as well as other objects and advantages 
thereof, will be explained in the following with reference to the accompanying 
drawings, in which like reference characters designate the same or similar parts 
throughout the figures and wherein: 

Fig. 1 is a block diagram illustrating the structure of a lens control unit, 
which employs a position determining device according to the first embodiment 
of the present invention; 

Fig. 2 is a graph showing the characteristics of a rotary encoder and a 
potentiometer in the lens control unit in Fig. 1; 

Fig. 3 is a flow chart showing the flow of the processing of the lens 
control unit in Fig. 1; 

Fig. 4 is a graph of assistance in explaining the second embodiment of 
the present invention, showing the characteristics of the rotary encoder and the 
potentiometer; and 

Fig. 5 is a flow chart showing the flow of the processing of the lens 
control unit, which employs a position determining device according to the 
second embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFRRRRD FA/TROD IMF. NT 



This invention will be described in further detail by way of example with 
reference to the accompanying drawings. 

Fig. 1 shows a TV camera lens control unit 10 to which a position 
determining device according to the first embodiment of the present invention is 
applied. The lens control unit 10 comprises a control knob 12, an incremental 
rotary encoder 14 for determining the operated amount of the control knob 12, a 
counter 16, a potentiometer (POT.) 18, an A/D converter 20, a central processing 
unit (CPU) 22, and a ROM 24, which stores a variety of data. 

The control knob 12 is used to control the focus of a TV lens (not 
illustrated), and a lens control signal corresponding to the operated amount or a 
rotational position of the control knob 12 is transmitted from the CPU 22 to the 
lens. 

Both the rotary encoder 14 and the potentiometer 18 are used to 
determine the rotational position of the control knob 12. The rotary encoder 14 
outputs encode pulses corresponding to the rotational position of the control 
knob 12. The counter 16 counts the encode pulses outputted from the rotary 
encoder 14, and the CPU 22 reads the counted value of the counter 16. On the 
other hand, the potentiometer 18 outputs a voltage signal corresponding to the 
rotational position of the control knob 12. The outputted signal of the 
potentiometer 18 is applied to the A/D converter 20, which converts the applied 
signal into a digital signal, and the CPU 22 receives the digital signal. 

Fig. 2 is a graph showing the characteristics of the rotary encoder 14 and 
the potentiometer 18. The horizontal axis is a reference for the rotational 
position or a rotational angle, the right vertical axis is a reference for the number 
of pulses output from the rotary encoder 14, and the left vertical axis is a 
reference for the output voltage of the potentiometer 18. A straight line (I) 
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shows the characteristics of the rotary encoder 14, and a curve (II) shows the 
characteristics of the potentiometer 18. 

As shown in Fig. 2, in the case of the rotary encoder 14 (the straight line 
(I)), the number of pulses changes linearly with respect to the rotational angle, 
and there is a high linearity between the output signal and the operated amount. 
On the other hand, in the case of the potentiometer 18 (the curve (II)), the output 
voltage is nonlinear to the rotational angle, and the output signal is not 
proportional to the operated amount. 

Both the rotary encoder 14 and the potentiometer 18 are used to 
determine the operated amount or the rotational position of the control knob 12 
as described below. 

When the lens control unit 10 is manufaQtured^tandard output voltages 
of the potentiometer 18 and standard values of the counter 16 of the rotary 
encoder 14 at the rotational limits (points A- and B j njng^2) are found, and the 
standard output data of the potentiometer 18 and the rotary encoder 14 at both 
limits (the points A and B) is stored in the ROM 24 . 

Upon turning on of the lens control unit 10 (upon activation), the CPU 22 
obtains data outputted from the potentiometer 18 through the A/D converter 20 
and confirms the present position of the potentiometer 18. If the potentiometer 
18 is_not_atJhe point A nor B, the operated amount of the control knob 12 is 



determined in accordance with the data that is obtained by digitizing the output 
voltage of the potentiometer 18. Then, when the potentiometer 18 reaches one 
of the points A and B on the rotation of the control knob 12, the standard value 
corresponding to the reached one of the points A and B is read from the ROM 24 
and set on the counter 16 of the rotary encoder 14 as an initial value for the 
counting. Thereafter, the operated amount of the control knob 12 is determined 
in accordance with the data that is obtained by counting the pulses outputted 
from the rotary encoder 14 with reference to the set initial value. 




If the potentiometer 18 is already at one of the points A and B when the 
position determining device 10 is turned on, the standard value corresponding to 
the one of the points A and B is immediately read from the ROM 24 and set on 
the counter 16 of the rotary encoder 14 as the initial value for the counting. 
Thereafter, the operated amount of the control knob 12 is determined in 
accordance with the data that is obtained by counting the pulses outputted from 
the rotary encoder 14 with reference to the set initial value. 

A description will be given of the operation of the lens control unit 10, 
which employs the position determining device constructed in the above- 
mentioned manner. 

Fig. 3 is a flow chart illustrating the flow of the processing in the lens 
control unit 10 in Fig. 1. Upon turning on of the position determining device 10, 
the CPU 22 obtains the data outputted from the potentiometer 18 through the 
A/D converter 20 (S110). Then, the obtained data is compared with the 
standard output data of the potentiometer 18 at both limits (the points A and B) 
stored in the ROM 24 in order to judge whether the potentiometer 18 is at one of 
the limit points A and B (S112). 

If the potentiometer 18 is not at the limit point A nor B, the data from the 
p otentiome te r 18 is used to determine the rotational position of the control knob 
12 (S114). On the other hand, if the potentiometer 18 is already at one of the 
limit points at S112, the value corresponding to the one of the limit points is set 
on the counter 16 of the rotary encoder 14 as the initial value for the counting 
(SI 16), and thereafter, the data from the rotary encoder 14 is used to determine 
the rotational position of the control knob 12. 

Then, whether the data from the rotary encoder 14 is used to determine 
the rotational position of the control knob 12 is judged (S118). 

If the potentiometer 18 has not reached the limit point A nor B at S112, 
the judgement result at S118 is "NO", the procedure then goes to S120, where 
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whether the potentiometer 18 is at one of the limit points A and B is judged 
again, and the judgement result at S120 is "NO". Then, the rotational position 
of the control knob 12 is determined in accordance with the data from the 
potentiometer 18 (S128). 

Thereafter, the procedure returns from S128 to S118, where whether the 
data from the rotary encoder 14 is used to determine the rotational position of the 
control knob 12 is judged. While the data outputted from the potentiometer 18 
is used to determine the rotational position of the control knob 12, the judgement 
result at S118 is "NO". Then, whether the potentiometer 18 is at one of the 
limit points A and B is judged (S120). If the potentiometer 18 has not reached 
the limit point A nor B, the procedure goes to S128 and the above-mentioned 
processing (S118-S128) is repeated. 

On the other hand, if the potentiometer 18 reaches one of the limit points 
A and B on the rotation of the control knob 12 at S120, the standard value 
corresponding to the one of the limit points is set on the counter 16 of the rotary 
encoder 14 as the initial value on the counting (S124). Then, the determination 
of the rotational position of the control knob 12 switches to the determination in 
accordance with the data from the rotary encoder 14 (SI 26). Thereafter, the 
rotational position of the control knob 12 is determined in accordance with the 
data from the rotary encoder 14 (S128). At the following S118, the judgement 
result is "YES", which means that the data from the rotary encoder 14 is used to 
determine the rotational position of the control knob 12, and thus, the procedure 
goes to S128. Thereafter, the determination of the rotational position of the 
control knob 12 in accordance with the data from the rotary encoder 14 is 
continued. 

If the potentiometer 18 is already at one of the limit positions A and B at 
the time of the judgement with reference to the data from the potentiometer 18 
upon turning on of the lens control unit 10 (S112) and the data from the rotary 
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encoder 14 is used to determine the rotational position of the control knob 12 
(S116), the judgement result at S118 is "YES", which means that the data from 
the rotary encoder 14 is used to determine the rotational position of the control 
knob 12, and the procedure goes to S128. In such a case, the rotational position 
of the control knob 12 is determined in accordance with the data from the rotary 
encoder 14 just after the activation of the lens control unit 10. 

As stated above, the operated amount of the control knob 12 is 
determined in accordance with the absolute position data from the potentiometer 
18 since the lens control unit 10 is turned on until the potentiometer 18 reaches 
one of the limit points A and B. Then, when the potentiometer 18 reaches one 
of the limit points, the standard value corresponding to the one of the limit points 
is set on the counter 16 of the rotary encoder 14 as the initial value for the 
counting. Thereafter, the operated amount of the control knob 12 is determined 
in accordance with the relative position data from the rotary encoder 14. 

In the first embodiment, the potentiometer 18 is set within the rotational 
range of the control knob 12 and within the acceptable range of input voltage of 
the A/D converter 20. Com pared wi lh_the_Bgtentiomet er for the c onventional 
pos ition determining device thak^sgiTo nly the p otentiom^ e^the potentiometer 
18 for the position determining device of the first embodiment is manufactured 
easily since there is no necessity of setting the potentiometer 18 precisely. 
Moreover, the potentiometer 18 in the first embodiment does not require much 
distinguishability, and thus, it is not so expensive. Therefore, the position 
determining device of the first embodiment can be manufactured at a low cost. 

A description will now be given of the second embodiment according to 
the present invention. 

In the position determining device as described with reference to Fig. 1, 
which uses both the rotary encoder 14 and the potentiometer 18, the following 
method may be adopted to solve the problem relating to the linearity of the 
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potentiometer 18. 

L As shown in Fig. 4, the standard output voltage P; of the potentiometer 18 

at a certain rotational angle 6 is and the standard number of pulses R t outputted 
from the rotary encoder 14 corresponding to the standard output voltage Pj are 
5 previously stored in the ROM 24 with the adequate distinguishability (e.g., 13 bit 
in the case of the focus control). 

Upon activation, the data outputted from the potentiometer 18, which 
represents the present position of the potentiometer 18, is obtained, and the 
standard output data of the rotary encoder 14 corresponding to the obtained data 
10 from the potentiometer 18 is read from the ROM 24. The standard number of 
!^ output pulses of the rotary encoder 14, which is read from the ROM 24 in the 

^ above-mentioned manner, is set on the counter 16 as the initial value for the 

^ counting. Thereafter, the rotational position of the control knob 12 is 

^ determined in accordance with the data that is obtained by counting the pulses 

O 15 outputted from the rotary encoder 14. 

f!J In the second embodiment, however, there is a noise problem resulting 

*o from the deterioration of the potentiometer 18, and in some cases, the position 

determined by the potentiometer 18 is not the actual position, and the standard 
number of output pulses of the rotary encoder 14 that is read from the ROM 24 
20 according to the data from the potentiometer 18 and set on the counter 16 as the 
initial value for the counting is incorrect. In particular, if the inexpensive 
potentiometer is used, there is a serious noise problem resulting from the 
deterioration of the potentiometer 18. 

To solve the above-mentioned problem, if the data from the 
25 potentiometer 18 is uneven, the data outputted from the rotary encoder 14 is read 
at the same time that the data from the potentiometer 18 is read in order to judge 
whether the potentiometer 18 works correctly. Thus, only the data that is 
determined as being reliable is referred to. 
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Fig. 5 shows the flow of the processing in the lens control unit that 
employs the position determining device according to the second embodiment of 
the present invention. Upon turning on of the lens control unit, the data from 
the potentiometer 18 is obtained a plurality of times so that the plurality of pieces 
of data outputted from the potentiometer 18 are sampled (S150). The plurality 
of pieces of sampling data are judged whether the data is even, for example, by 
adding and averaging the data (S152). If the data is even, the standard number 
of output pulses of the rotary encoder 14 corresponding to the data outputted 
from the potentiometer 18 is read from the ROM 24 (SI 54). The read standard 
data is set on the counter 16 as the initial value for the counting (S156). Then, 
the counter 16 starts counting the pulses outputted from the rotary encoder 14 
from the set initial value, and the operated amount of the control knob 12 is 
determined in accordance with the data from the rotary encoder 14 (S170). 

On the other hand, if the sampling data from the potentiometer 18 is 
judged as being not even at S152, the data outputted from the rotary encoder 14 
is referred to (S158) so that whether the control knob 12 is operated (rotated) is 
judged (S160). If it is judged that the sampling data is uneven as a result of the 
operation of the control knob 12, the operated amount of the control knob 12 is 
determined in accordance with the data from the potentiometer 18 (S162). 
Then, the procedure returns to S150. 

On the other hand, if the control knob 12 is judged as not being operated 
at S160, it is judged that the sampling data is uneven though the control knob 12 
is not operated. This means that the output signals of the potentiometer 18 
include serious noise. In this case, the more stable data is selected from the 
data outputted from the potentiometer 18 sampled at S150, for example, by 
selecting the data close to the average (S164). Then, the standard number of 
output pulses of the rotary encoder 14 corresponding to the selected data of the 
potentiometer 18 is read from the ROM 24 (S166), and the read standard data is 
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set on the counter 16 as the initial value for the counting (S168). 

Thereafter, the counter 16 starts counting the pulses outputted from the 
rotary encoder 14 from the set initial value, and the operated amount of the 
control knob 12 is determined in accordance with the data from the rotary 
encoder 14 (S170). 

In the above-described embodiments, the position determining device of 
the present invention is applied to the lens control unit in order to determine the 
operated position of the control knob 12, but the position determining device of 
the present invention may also be applied to, for example, a means for 
determining the position of a movable lens, which moves forward and backward 
along the optical axis. In other words, the position determining device of the 
present invention may be applied to a variety of position determining devices 
that conventionally consist of either one of the potentiometer and the rotary 
encoder. 

As set forth hereinabove, according to the position determining device of 
the present invention, both the relative position determiner and the absolute 
position determiner are used to determine the position of the subject or the 
movable part with reference to the data obtained from both of the relative 
position determiner and the absolute position determiner as the need arises. 
This eliminates the necessity of initialization for setting the reference position, 
which is required by the conventional position determining device that consists 
of only the relative position determiner. Moreover, the position determining 
device of the present invention improves the reliability and achieves the low cost 
since it comprises the relative position determiner, which is reliable and has the 
satisfactory linearity between the determined amount and the output signals, and 
the absolute position determiner, which is relatively inexpensive. 

It should be understood, however, that there is no intention to limit the 
invention to the specific forms disclosed, but on the contrary, the invention is to 




cover all modifications, alternate constructions and equivalents falling within the 
spirit and scope of the invention as expressed in the appended claims. 



